I
n patients with cardioembolic stroke associated with atrial fibrillation (AF), the risk of early stroke recurrence, defined as a new event occurring within 2 weeks, has been reported to range between 0.1% and 1.3% per day.
1,2 Anticoagulant therapy has been proven to be highly effective for the secondary stroke prevention in patients with AF. However, the specific risk/balance for any given patient and which strokes have the most risk and the most benefit remains unclear. To date, randomized clinical trials have failed to produce any evidence supporting the administration of heparin in patients with acute ischemic stroke and AF within 48 hours from stroke onset. 3, 4 These randomized trials were done in a much earlier era when overall stroke rates were higher and before the introduction of warfarin alternatives, such as direct oral anticoagulants.
An analysis from the VISTA database found that the early introduction of anticoagulants (2-3 days after stroke), and to a lesser extent antiplatelet agents, were associated with substantially fewer recurrent events over the following weeks without an increased risk of symptomatic intracerebral bleedings. 5 This international prospective multicenter study in patients with acute stroke and AF evaluated at 90 days from the acute event (1) the risk of recurrent ischemic embolic event and severe bleeding (both intra and extracranial); (2) the risk factors associated with ischemic stroke recurrence, systemic embolism, and symptomatic cerebral bleeding, as well as severe extracerebral hemorrhage; and (3) the risk of recurrence and bleeding associated with anticoagulant therapy and its timing.
Methods
Early Recurrence and Cerebral Bleeding in Patients With Acute Ischemic Stroke and Atrial Fibrillation (RAF) was a prospective observational study performed between January 2012 and March 2014, which enrolled consecutive patients with acute ischemic stroke and known or newly diagnosed AF without contraindications to anticoagulation. The study was performed in 29 Stroke Units across Europe and Asia. The study was approved by the local Institutional Review Board, if required.
On admission, stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS). A cerebral computed tomography examination without contrast or cerebral magnetic resonance was performed on admission in all patients to exclude intracranial hemorrhage. Thrombolysis treatment was given as per standard local protocol, when appropriate. All 29 stroke units provided standard stroke unit care and monitoring. All patients were monitored for blood pressure, temperature, glucose level, heart rate, and blood gases in the first days after stroke. Physicians were free to decide the type of anticoagulant treatment (low molecular weight heparin [LMWH] or oral anticoagulants), as well as the day to initiate it.
AF was classified as paroxysmal (episodes terminating spontaneously within 7 days), persistent (episodes lasting >7 days requiring pharmacological or electric stimulation), or permanent (persisting for >1 year, either because cardioversion failed or was not attempted).
A second brain computed tomography scan or magnetic resonance had to be performed 24 to 72 h from stroke onset in all patients. Hemorrhagic transformation (HT) was defined as any degree of hyperdensity within the area of low attenuation and was classified as either hemorrhagic infarction or parenchymal hematoma. 6, 7 HT was considered symptomatic if associated with a decline in neurological status (an increase of 4 points in NIHSS) in the absence of any bleeding evidence on the first computed tomography. 8 The sites and sizes of the qualifying infarcts were determined based on standard templates 9, 10 : (1) small, when a lesion was ≤1.5 cm in the anterior or posterior circulation; (2) medium, when a lesion was in a cortical superficial branch of middle cerebral artery (MCA), in the MCA deep branch, in the internal border zone territories, in a cortical superficial branch of posterior cerebral artery, in a cortical superficial branch of the anterior cerebral artery; (3) large anterior, when a lesion involved the complete territory of MCA, posterior cerebral artery, or anterior cerebral artery, in 2 cortical superficial branches of MCA, in a cortical superficial branch of MCA associated to the MCA deep branch, or by guest on November 18, 2017 http://stroke.ahajournals.org/ Downloaded from in >1 artery territory (eg, MCA associated to anterior cerebral artery territories); (4) large posterior, when a lesion was ≥1.5 cm in the brain stem or cerebellum. 7 
Risk Factors
Data on known stroke risk factors were collected: age, sex, history of hypertension (blood pressure of ≥140/90 mm Hg at least twice before stroke or already under treatment with antihypertensive drugs), history of diabetes mellitus (fasting glucose level ≥126 mg/ dL preprandial on 2 examinations, glucose level ≥200 mg/dL postprandial, or HbA1c ≥6.5%, or under antidiabetic treatment), current cigarette smoking, past smoking (cessation <5 years ago), hyperlipidemia (total cholesterol ≥200 mg/dL or triglyceride ≥140 mg/ dL or already under lipid lowering therapy), history of symptomatic ischemic heart disease (myocardial infarction, history of angina, or existence of multiple lesions on thallium heart isotope scan or evidence of coronary disease on coronary angiography), history of symptomatic peripheral arterial disease (intermittent claudication of presumed atherosclerotic origin; or ankle/arm systolic blood pressure ratio <0.85 in either leg at rest; or history of intermittent claudication with previous leg amputation, reconstructive surgery, or angioplasty), alcohol abuse (≥300 g per week), obesity (body mass index ≥30 kg/m 2 ), or previous stroke/transient ischemic attack (TIA). White matter changes (leukoaraiosis defined on the first computed tomography examination as ill-defined and moderately hypodense areas of ≥5 mm according to published criteria) were investigated. 11 Leukoaraiosis in the deep white matter was dichotomized into absent versus mild, moderate, or severe. Other baseline variables obtained at admission for all patients included fasting serum glucose, fasting serum cholesterol (total, high-density lipoprotein, and low-density lipoprotein), platelet count, International Normalized Ratios, activated thromboplastin times, systolic blood pressure, and diastolic blood pressure.
Data on the use of any antiplatelet, anticoagulants, or thrombolytic agents, before admission, at baseline, and during the follow-up period, were recorded.
The CHA 2 DS 2 -VASc score (2 points for a history of stroke or age ≥75 years and 1 point each for age 65 to 74 years, a history of hypertension, diabetes, cardiac failure, and vascular disease) before the index event was also calculated.
12

Evaluation of Outcome
Patients were followed-up prospectively by face-to-face or telephone interviews. Study outcomes were (1) recurrent ischemic cerebrovascular events (stroke or TIA) and symptomatic systemic embolisms; (2) symptomatic cerebral bleedings and major extracerebral bleeding at 90 days.
The primary outcome was the composite of stroke, TIA, symptomatic systemic embolism, symptomatic cerebral bleeding, and major extracerebral bleeding.
Disability and mortality at 90 days were also assessed using the modified Rankin score (mRS). Functional outcome was defined as either nondisabling (mRS 0-2) or disabling (mRS 3-5).
Stroke was defined as the sudden onset of a new focal neurological deficit of vascular origin in a site consistent with the territory of a major cerebral artery and categorized as ischemic or hemorrhagic. HTs found on neuroimaging 24 to 72 hours after onset were not considered outcome events, unless they were classified as being symptomatic. TIA was defined as a transient episode of neurological dysfunction caused by focal brain ischemia without acute infarction. Systemic embolism was defined as an acute vascular occlusion of an extremity or organ confirmed by imaging, surgery, or autopsy. Major extracerebral bleeding was defined as a reduction in the hemoglobin level of at least 2 g per deciliter, requiring blood transfusion of at least 2 U, or symptomatic bleeding in a critical area or organ. 13 
Statistical Analysis
Differences in the characteristics of patients with or without outcome events were tested using χ 2 test. Specifically, univariate tests were applied to compare both clinical characteristics on admission and preexisting risk factors for stroke. An exploratory analysis of all variables was performed with a divisive hierarchical clustering method. Cluster analysis is used to construct smaller groups with similar properties from a large set of heterogeneous data. This form of analysis is an effective way to discover relationships within a large number of variables or observations; the identification of potential predictors for outcome events was subsequently made with a series of multiple logistic regression models. These variables included risk factors, reperfusion therapy, severity of stroke on admission according to NIHSS score, CHA 2 DS 2 -VASc score, and the dimension of the ischemic lesions. The day of starting anticoagulant treatment was inserted into the models as a continuous or a dichotomized categorical variable either. Survival function and empirical cumulative hazards function were estimated via Kaplan-Meier estimator for various groups of patients; the differences between survival functions were tested using the Logrank statistic (or Mantel-Haenszel test) that in the case of large samples has an asymptotic Chi-square distribution. 14 Patients were censored at the time of an outcome event, death, or if they were lost to follow-up.
The relationship between the survival function and the set of explanatory variables were explored with Cox proportional hazard models. The Cox models provide an estimate of the treatment effect on survival after adjustment for other explanatory variables, including the different lesion size as an ordinal variable. We considered 3 anticoagulant strategies: oral anticoagulant alone, LMWH alone, or followed by oral anticoagulants. In addition, the day of starting anticoagulant therapy was treated as a time-varying covariate for the various outcomes. Also in this case, patients were censored at the time of an outcome event, death, or if they were loss to follow-up.
Furthermore, we estimated additional models to investigate for any possible effect of predictor variables on the specific day an outcome event occurred. These results were reported as a hazard ratio with a 95% confidence interval. A 2-sided P value <0.05 was considered significant.
All statistical analyses were performed using software R, version 3.0.3 (copyright (C) 2013 The R Foundation for Statistical Computing).
Results
Overall, 1037 consecutive patients were included in the study (59 from Asia). Of these, 1029 patients were included in the analysis (8 patients were excluded for incomplete data; Table  I in the online-only Data Supplement).
After the acute stroke, 766 patients (74.4%) were treated with anticoagulants and 449 of them received antiplatelets before starting anticoagulants. Concerning the type of anticoagulant therapy, 113 patients (14.7%) received LMWH alone (91 after initial antiplatelet), 284 (37.1%) received vitamin K antagonists (162 after initial antiplatelet), 93 (12.1%) received direct oral anticoagulants (55 dabigatran, 30 rivaroxaban, and 8 apixaban; 62 after initial antiplatelet), and 276 (36.0%) received LMWH followed by vitamin K antagonists (134 after initial antiplatelet). Patients who received LMWH for prophylaxis of venous thromboembolism were not considered to have been treated with anticoagulants.
The mean NIHSS scores on admission were 11.9±7.6 for patients treated with LMWH alone, 6.9±5.9 for those treated with LMWH followed by oral anticoagulants, and 8.3±6.5 for those treated with oral anticoagulants alone.
Of the 263 patients who did not receive anticoagulant treatment, 231 (87.8%) were treated with antiplatelets and 32 did not receive any antithrombotic therapy over the 90-day study period.
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The clinical characteristics of the patients treated and not treated with anticoagulants after the acute stroke are listed in Table II in the online-only Data Supplement. Patients not treated with anticoagulants after the acute stroke were on average older and had larger lesions and higher NIHSS on admission compared with patients treated with anticoagulants.
HT on neuroimaging performed 24 to 72 hours after stroke onset was shown in 134 patients (13.0%): 91 (8.8%) had hemorrhagic infarction and 43 (4.2%) had parenchymal hematoma. Of the 230 patients (22.4%) receiving reperfusion therapy (intravenous or intra-arterial reperfusion procedures or the combination of both), 37 (16.1%) had HT (8 symptomatic), which included 23 (10.0%) hemorrhagic infarction and 14 (6.1%) parenchymal hematoma. Overall, 26 out of 37 patients received anticoagulation after the HT.
At 90 days, 1019 patients were available for the final functional outcome analysis (10 patients were lost at follow-up): 510 (50.0%) patients were deceased or disabled (mRS≥3), whereas 111 (10.9%) were deceased.
Risk of Recurrent Ischemic Events or Bleedings
One hundred twenty-three patients had 128 (12.6%) outcome events: 77 (7.6%) had ischemic stroke or TIA or systemic embolism, 37 (3.6%) had symptomatic intracranial bleedings, and 14 (1.4%) had major extracerebral bleeding. The mean times from index stroke to recurrent ischemic stroke, symptomatic intracranial hemorrhage, TIA, and systemic embolism were 34.2±31.4, 22.5±60.8, 43.3±37.9, and 36.7±36.3 days, respectively. The clinical characteristics of the patients with and without outcome events are listed in Table III in the online-only Data Supplement.
Ninety patients of the 766 (11.7%) who received anticoagulants had an outcome event compared with 38 of the 263 (14.4%) who did not receive anticoagulation (P=0.22; Figure I in the online-only Data Supplement): 41 (5.4%) compared with 10 (3.8%) had a hemorrhagic event (P=0.31) and 49 (6.4%) compared with 28 (10.6%) had an ischemic event (P=0.023).
Six patients of the 93 patients (6.4%) treated with direct oral anticoagulants had an outcome event: 2 (2.1%) had symptomatic intracranial bleeding and 4 (4.3%) an ischemic event.
The mean times of starting treatment from the index events were 8.5±12.2 days for patients treated with direct oral anticoagulants, 6.5±10.9 days for patients treated with LMWH, and 12.1±15.8 days for patients treated with vitamin-K antagonist (International Normalized Ratios ≥2).
Risk Factors Associated With the Risk of Recurrent Ischemic Events or Bleedings
The risk of an outcome event (ischemic or hemorrhagic) within 90 days increased with an increase in the CHA 2 DS 2 -VASc score: patients with score of 2 had no events; score of 3 a rate of 1.7%; score of 4 of 9.8%, score of 5 of 10.2%, score of 6 of 12.3%; score of 7 of 17.0%, and scores of 8 of 20.3%.
From multivariate analysis, high CHA 2 DS 2 -VASc score, high NIHSS (as continuous or categorical variable), large lesion size, and type of anticoagulant used after the index stroke were predictive factors for the composite primary study outcome event (Table IV in the online-only Data Supplement).
Regarding the type of anticoagulant, patients treated with oral anticoagulants alone had a better outcome compared with those treated with LMWH followed by oral anticoagulants or with LMWH alone. This last treatment led to a significantly higher risk of outcome events compared with the other treatments. About 7% of the patients treated with oral anticoagulants alone had an outcome event compared with 16.8% and 12.3% of those treated with LMWHs alone or followed by oral anticoagulants, respectively (P=0.003; Figure 1 ). Excluding patients with TIA from outcome event, we observed similar results ( Figure II in the online-only Data Supplement). Other predictive factors for hemorrhagic events were large lesion and the administration of anticoagulants 14 to 30 days after stroke onset. Moreover, old age and large lesion size were predictive factors for ischemic outcome events (Table IV in 
Poststroke Anticoagulation and the Risk of Recurrent Ischemic Events or Bleedings
The unadjusted analysis that evaluated the risk of primary study outcome associated with the day of initiating anticoagulant treatment is reported in Figure IIIA in the online-only Data Supplement. Patients treated with vitamin K antagonists were considered as treated with anticoagulants on the day International Normalized Ratios was ≥2. The lowest risk was observed in patients treated with anticoagulants from day 5 to day 10. Figure IIIB in the online-only Data Supplement reports the unadjusted risk of either an ischemic or hemorrhagic outcome event associated with the day of initiating anticoagulant treatment. The risk of an ischemic event remained stable up to day 15. The lowest risk of a hemorrhagic outcome event was seen from day 5 to day 10.
Based on the results of this unadjusted analysis, we selected the following time-periods for administering anticoagulant therapy to perform an adjusted analysis using the Cox regression model: within 7 days, within 14 days, and between 2 and 14 days. This analysis, adjusted for age, sex, CHA 2 DS 2 -VASc score, lesion size, reperfusion therapy, and NIHSS on admission, suggested that patients who had been initiated treatment with anticoagulants between 4 and 14 days had a significant reduction in primary study outcome and in ischemic events compared with patients who initiated their treatments before 4 or after 14 days from stroke onset (Figure 2A and 2B). Likewise, anticoagulant treatment initiated between 4 and 14 days also led to a reduction in cerebral bleeding, but this difference was not statistically significant ( Figure 2C ). Table reports that paring down this treatment period as spread in single day increments reveals that the lowest risk, considering hazard ratios, was between days 12 to 14.
Table also describes the results of the Cox regression analysis for patients treated with anticoagulants within 7 days from their index events compared with those patients treated after 7 days and for patients treated with anticoagulants within 14 days from their index events compared with patients treated after 14 days.
The Cox proportional hazard model corrected for age, sex, CHA 2 DS 2 -VASc score, and lesion size where the day starting the anticoagulant therapy was treated as a time-varying covariate confirmed that a late start of the anticoagulant therapy determined an increase of the average level of risk for an outcome event (hazard ratio =3.156; 95% confidence interval, 1.924-5.176; P<0.0001; Table V in the online-only Data Supplement).
Type of Anticoagulant Administered and the Risk of Recurrent Ischemic Events or Bleedings Associated With the Day of Initiating Anticoagulant Treatment
The different risks of the combined outcome events associated with the day of initiating and type of anticoagulant treatment administered are reported in the Figure 3 . A lower risk was seen in patients treated with oral anticoagulant alone, and the graph of Figure 3A indicates the best time for initiating it for secondary stroke prevention seems to be 4 to 14 days from stroke onset. The graphs in the Figures IV and V in the onlineonly Data Supplement evidence the different risks associated with the day of initiating anticoagulant treatment in patients on different types of anticoagulant for ischemic and hemorrhagic outcome events. Moreover, the graph in the Figure V in the online-only Data Supplement suggests that patients treated with LMWH alone or before warfarin had increased risks of symptomatic intracranial bleeding when treatment was initiated in the first days from index event.
Regarding functional outcome at 90 days from index event, 39.7% (149/375) of patients receiving oral anticoagulants alone were either deceased or disabled (mRS≥3) compared with 72.3% (81/112) and 32.6% (89/273) of those receiving LMWH alone or followed by oral anticoagulants. Among patients not receiving anticoagulant therapy, 73.7% (191/259) were either deceased or disabled.
Lesion Size and the Risk of Recurrent Ischemic Events or Bleedings Associated With the Day of Initiating Anticoagulant Treatment
Large lesion size was associated with higher risks of study outcome events ( Figure 
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The risks for the combined study outcome events associated with the day of initiating anticoagulant treatment in patients with small or large lesions are reported in Figure 4 . Large lesion size was associated with higher risks of study outcome events when anticoagulation was administered within 30 days compared with small lesion size, where the risks associated 
Discussion
In this study, patients with acute stroke and AF had a 90-day risk of recurrent event equal to 7.6% and a rate of symptomatic cerebral bleeding equal to 3.6%. Our results indicate that initiating anticoagulant treatment between day 4 and day 14 from the acute ischemic stroke is both safe and effective, compared with starting treatment before or after this period. Usually, the time when to start anticoagulation is based on the size of the lesion, which is considered the main risk factor for HT. 15 In this study, multivariate analysis revealed that large lesions were associated with high rates of symptomatic cerebral bleeding, as well as of stroke recurrence. Indeed, patients with small ischemic lesions could have had underlying etiologies other than cardioembolism, including small vessel disease, which is associated with a lower risk of recurrence. 16 It is plausible that initiating anticoagulation therapy earlier in patients with small lesions and later in patients with large lesions may lead to better safety, but less benefit regarding efficacy. However, In the PRoFESS trial population, in approximately half of the cases with index cardioembolic or small artery disease stroke subtypes, recurrent stroke subtype was the same as the index event. 17 Therefore, it would be reasonable to decide when to start anticoagulation treatment primarily based on the patient CHA 2 DS 2 -VASc score. Indeed, in our study, a CHA 2 DS 2 -VASc of 4 was associated with a risk of primary study outcome at 90 days as high as 10%, and this rate increased linearly with an increase in the CHA 2 DS 2 -VASc score.
In this study, 14.7% of the patients received LMWH alone, 37.8% received vitamin K antagonists, 12.1% received direct oral anticoagulants, and 36.0% received LMWH followed by vitamin K antagonists (bridging therapy). It was found that patients who had received oral anticoagulants alone had a significantly lower risk of bleeding events, compared with patients treated with LMWH followed by oral anticoagulants or LMWH alone; this last regimen was associated with the highest risk of bleeding. This finding may be related to the fact that patients with more severe stroke were more likely to have dysphagia and less likely to have been treated with oral anticoagulants.
Patients who received a direct oral anticoagulant were found to have low risks for both symptomatic intracranial bleeding (2.1%) and ischemic event (4.3%), suggesting the need for further testing these new drugs in the acute phase of ischemic stroke in patients with AF. 18 However, it cannot be excluded that low-risk patients might have been selected for this treatment strategy.
Our study has several limitations. First, the reported associations in our nonrandomized study were undoubtedly influenced by numerous potential confounders, even if adjusted statistical models were used to reduce them. Second, both central adjudication of the outcome events and centralization of vascular imaging for measurement of the ischemic lesions were not performed. Third, a possible bias in the ascertainment of recurrent strokes versus asymptomatic intracranial hemorrhage depending on antithrombotic status could be present given the lack of blinding. Finally, we cannot exclude the possibility that there was a selection bias regarding the starting time of antithrombotic therapy. In fact, most patients either elderly or with severe stroke were not given treatment or received it later compared with more stable patients.
The strengths of our study include its adequate sample size and its prospective design. Our findings reflect real-life experiences and, in view of the complete absence of any randomized data, may provide critical observational information that could assist stroke physicians in better managing acute cerebral ischemia in patients with AF.
In conclusion, this study found that patients with acute stroke and AF have high risks for both ischemic embolic recurrence and severe bleeding at 90 days. Furthermore, this study 
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suggests that the best time for initiating anticoagulation treatment as secondary prevention of stroke is 4 to 14 days from the acute event. Moreover, patients treated with oral anticoagulants alone had better outcomes compared with those treated with LMWH alone or before oral anticoagulants. Likewise, patients with large ischemic lesions had higher increased risks of both embolic recurrence and cerebral bleeding, compared with patients with small lesions. A future randomized study assessing for the efficacy of direct oral anticoagulants in the acute phase of stroke in patients with AF is warranted.
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